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(57) ABSTRACT 

A head-up display including a combiner and a relay optics 
formed from a combination of optical elements and forming 
an intermediate image projected to in?nity by the combiner 
of a symbology emitted in a given spectral band by an image 
source. The combiner forms an off-axis convergent mirror in 
the spectral band, and an angle of inclination of the off-axis 
convergent mirror is adjustable for a given type of equip 
ment as a function of a position of the image source and in 
a given angular range that depends on the type of equipment. 
The relay optics is modular and includes a ?rst module With 
at least one optical element ?xed regardless of the type of 
equipment and a second module With at least one optical 
element for Which a position is prede?ned as a function of 
an angular position of the combiner. 

13 Claims, 3 Drawing Sheets 
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HEAD-UP DISPLAY ADAPTABLE TO GIVEN 
TYPE OF EQUIPMENT 

BACKGROUND OF THE INVENTION 

The invention relates to a head-up display adaptable to 
equipments of a given type, for example aircraft type, land 
vehicle type or helmet type, and a process for making a set 
of head-up displays adapted to such equipments. 

DESCRIPTION OF THE PRIOR ART 

The head-up display is an optomechanical device capable 
of superposing a symbology projected to in?nity, in other 
Words suf?ciently far aWay so that a pilot does not need to 
make any substantial accommodation to see the symbology, 
onto the external surroundings as seen by the aircraft pilot or 
the vehicle driver or the person Wearing the helmet 
(hereinafter referred to as the “pilot”, for reasons of 
simplicity). The symbology is sent by a usually monochro 
matic image source, and for example comprises synthetic 
images and reticles or images originating from infrared 
sensors capable of seeing the surroundings even on a par 
ticularly dark night. 

Conventionally, the head-up display (HUD) comprises an 
optical element called a combiner, that superposes the 
external surroundings and the symbology projected to in?n 
ity by projection optics. For example, the combiner may be 
an inclined ?at sheet coated With a treatment that is re?ect 
ing at the Wavelength of the image source emitting the 
symbology and transparent in the visible at other 
Wavelengths, so that a maximum amount of the ?ux emitted 
by the external surroundings can be transmitted. HoWever, if 
the ?eld of vision necessary to see the symbology is large 
(for example for night vision), it is preferable to use a 
“convergent” combiner, in other Words that behaves like a 
convergent mirror (for example, a spherical mirror) at the 
Wavelength of the image source, in order to reduce the siZe 
of optical elements forming the projection optics. In this 
case the projection lens, also called the relay optics, forms 
an intermediate image of the symbology projected by the 
combiner to in?nity. A convergent combiner is particularly 
necessary When the optical distance betWeen the pilot’s eye 
and the relay optics is large, Which is the case for example 
in transport aircraft. 

But the use of an off-axis convergent combiner, in other 
Words a combiner With a non-Zero angle of inclination With 
the central observation axis of the pilot, necessarily intro 
duces eccentricity aberrations that have to be corrected to 
provide the pilot With a satisfactory quality image. These 
aberrations may be corrected by choosing optical elements 
in the relay optics, and/or by siZing a speci?c combiner (for 
example, aspherical combiner). In general, correction of 
eccentricity aberrations requires the use of speci?c optical 
elements in the relay optics, for example cylindrical, 
aspherical lenses, prisms or other elements that are not 
rotationally symmetric. 

Since eccentricity aberrations depend on the angle of 
inclination of the combiner, an optical architecture Would 
have to be resiZed for each installation of a head-up display 
in tWo or more items of equipment of a given type, for 
example an aircraft, land vehicle or helmet, in order to 
achieve an acceptable correction level. Thus, for example 
for different models of aircraft When siZe problems in the 
pilot’s cockpit are different, positioning constraints on the 
relay optics With respect to the pilot’s head are also different. 
In this case, the optical architecture has to be resiZed for each 
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2 
aircraft model, to adapt the angle of inclination of the 
combiner and to correct eccentricity aberrations related to 
the value of the angle of inclination. This means that the ?nal 
development costs are very high. 

SUMMARY OF THE INVENTION 

In order to overcome these disadvantages, the invention 
presents a head-up display adaptable to a set of equipments 
of a given type, With a modular relay optics comprising a 
?rst module With at least one optical element that is ?xed 
regardless of the equipment, and a second module With at 
least one optical element, the position of Which is prede?ned 
as a function of the angular position of the combiner. More 
speci?cally, the invention relates to a head-up display as 
de?ned in claim 1. 

The invention also presents a process for making a set of 
head-up displays adapted to equipments of a given type, as 
de?ned in claim 8, that can be used to make head-up displays 
adapted to equipments With different installation con?gura 
tions Without the need to develop a neW optical architecture 
for each item of equipment, and also maintaining the same 
level of correction of eccentricity aberrations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention Will 
become evident on reading the description beloW of a 
preferred embodiment, Which is non-limitative and taken 
only as an example, With reference to the attached draWings 
of Which: 

FIGS. 1A and 1B represent diagrams illustrating 
examples of installations of a head-up display in an aircraft; 

FIG. 2 is a diagram shoWing an example embodiment of 
a convergent combiner; 

FIG. 3 is a diagram shoWing an example of a modular 
head-up display installation according to the invention; 

FIGS. 4A and 4B shoW the lines of beams in an example 
of a modular display according to the invention for tWo 
angles of inclination of the combiner. 

In these ?gures, identical elements are indexed With the 
same marks. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIGS. 1A and 1B shoW diagrams illustrating tWo 
examples of installations of a head-up display HUD, for 
example in a transport aircraft, to help the pilot in difficult 
?ying phases. The head-up display comprises an image 
source SRC, relay optics REL, a convergent combiner CMB. 
The SRC source emits in a given spectral band, usually 
around a predetermined Wavelength, a symbology including 
for example synthetic images, reticles or images originating 
from infrared sensors. For example, the image source may 
be composed of a cathode ray tube emitting in the green, or 
an imager With liquid crystals. The relay optics REL is 
formed from a combination of optical elements and forms an 
intermediate image from the symbology that is projected to 
in?nity, toWards the pilot, through a convergent combiner 
CMB. The combiner CMB is an optical component that 
superposes the symbology projected to in?nity onto the 
external surroundings observed by the pilot and that behaves 
like a convergent mirror in the spectral band of the image 
source, capable of projecting the intermediate image formed 
by the relay optics to in?nity. It is approximately transparent 
to other Wavelengths in the visible so that a maximum 
amount of the ?ux emitted by the external surroundings can 
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be transmitted. To satisfy the size constraints for the relay 
optic, the combiner necessarily Works off-axis; in other 
Words there is a non-Zero angle of inclination 0t With the 
central pilot observation axis PO‘ (de?ned as the line of sight 
at the center of the pilot’s observation ?eld). More precisely, 
the angle of inclination 0t is de?ned as being the angle 
betWeen the central axis PO‘ and the normal axis 00‘ 
de?ned as being the axis normal to the surface tangent to the 
equivalent convergent mirror formed by the combiner at the 
intersection point O‘ of the central axis PO‘ With the said 
equivalent mirror. FIG. 1A illustrates an example installation 
in Which the relay optics is installed above the pilot’s head, 
While the relay optics is positioned in front of the pilot in the 
example shoWn in FIG. 1B. 
As can be seen in FIG. 2, the convergent combiner CMB 

may for example be formed of three diopters, including a 
?rst plane diopter DPTl, a second curved diopter DPT2, and 
a third plane diopter DPT3 parallel to the ?rst diopter DPTl, 
the refraction indexes of the media betWeen the ?rst and the 
second diopter and betWeen the second and the third diopter 
being approximately the same. The second diopter is coated 
With a TRT treatment that is practically re?ecting in the 
spectral band of the image source and is practically trans 
parent in the visible, outside the said spectral band. Thus, the 
combiner behaves like a convergent mirror for the light ?ux 
(indicated by a simple arroW) output from the image source 
and like a sheet With plane and parallel faces for the light 
?ux (indicated by a double arroW) output from the 
surroundings, outside the spectral band of the image source. 
For example, the diopter DPT2 may be spherical, the com 
biner then behaves like a spherical mirror. FIG. 2 also shoWs 
the central observation axis PO‘ and the normal axis 00‘ 
Which, in the case of a spherical diopter DPT2, is coincident 
With a radius of the said sphere. For example, the TRT 
treatment may be a holographic treatment adapted to the 
Wavelength of the image source SRC. According to one 
variant, the combiner CMB may also be formed from a sheet 
With plane and parallel faces coated With a holographic 
treatment that performs the selective re?ection/transmission 
function and also the phase function. 

In the case of a helmet display, the helmet sight itself 
performs the combiner function. It is then covered by a 
suitable semi-re?ecting treatment. Its small thickness is 
sufficient to limit distortion of the observed external sur 
roundings. 

In the folloWing, the convergent combiner CMB is assimi 
lated to the convergent mirror to Which it is the equivalent. 

The use of a off-axis convergent combiner as illustrated 
for example in FIG. 1A, 1B or 2 causes the appearance of 
eccentricity aberrations that have to be corrected to provide 
the pilot With good quality images. The correction may be 
made by choosing optical elements of the relay optics REL. 
It may also be made if a combiner is used in the form of a 
holographic component, by calculating a phase function that 
partially compensates for these aberrations. 

The eccentricity aberrations vary depending on the angle 
of inclination of the off-axis combiner, and the characteris 
tics of the relay optics and/or the combiner have to be 
rede?ned to achieve a good image quality for the pilot. 

The invention proposes a head-up display adaptable to a 
set of equipments of a given type, for example an aircraft 
type, a land vehicle type or a helmet type. According to the 
invention, an equipment type is characteriZed particularly by 
an angular range Within Which the angle of inclination of the 
combiner can be adjusted to satisfy the siZe constraints of 
each given type of equipment. For example in the case of 
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4 
aircraft, an equipment type is de?ned characteriZed by an 
angular adjustment range of the combiner varying from 10° 
to 30°, Which is suf?cient to cover a large number of civil or 
military aircraft With different siZe constraints. In the case of 
helmets, an angular range of 20° to 40° is more appropriate 
for characteriZing this type of equipment. 

According to the invention, the combiner forms an off 
axis convergent mirror in the spectral band of the image 
source, for Which the angle of inclination 0t is adjusted for 
a given equipment as a function of the position of the image 
source in the said equipment, and Within a given angular 
range depending on the equipment type. Furthermore, the 
relay optics is modular, comprising a ?rst module With at 
least one optical element that is ?xed regardless of the 
equipment, and a second module With at least one optical 
element for Which the position is prede?ned as a function of 
the angular position of the combiner. 
The invention also proposes a process for making a set of 

head-up displays adapted to equipments of a given type, for 
example an aircraft, land vehicle or helmet type. The process 
according to the invention comprises the adjustment of the 
angle of inclination 0t of the combiner CMB, When manu 
facturing a display adapted to given equipment, as a function 
of the position of the image source SRC in the said 
equipment, the angle of inclination varying Within an angu 
lar range that depends on the equipment type. It also 
includes compensation of aberration variations induced by 
the angular adjustment of the combiner, by the displacement 
of one or several elements of the relay optics, by a pre 
de?ned value as a function of the angle of inclination of the 
combiner, at least one of the other said elements of the relay 
optics remaining ?xed. 

Thus, the same combiner is used When making displays 
adapted to equipments of a given type, but laid out according 
to an appropriate angle of inclination, and variations of 
aberrations induced by the neW angle of inclination of the 
combiner are corrected by moving one or several elements 
of the relay optics according to a prede?ned value, Without 
needing to rede?ne the architecture of the relay optics, or to 
recalculate an appropriate combiner. The elements of the 
relay optics are identical from one display to another; but 
one or several of these elements are laid out differently in the 
optical combination to compensate for aberration variations. 
Thus, displays according to the invention are modular and 
have identical optical elements, but some of them are laid 
out differently. 

According to the invention, the angular adjustment of the 
combiner may be discrete, and the angle of inclination may 
be set to tWo or more values. In this case, the element(s) of 
the relay optics is (are) displaced for example by means of 
stands used to ?x each of the said elements in a position that 
depends on the angular position of the combiner, this posi 
tion being prede?ned. An element of the relay optics can 
also be moved by replacing the mechanical support that 
contains this element by a mechanical support for Which the 
interface controls placement in the neW position. 

It is also possible to provide approximately continuous 
positioning of the element(s) of the relay optics to be 
displaced, depending on the angle of inclination of the 
combiner. An adjustment system then needs to be provided 
to put them in the right position for each neW angle of the 
combiner. For example, this adjustment may be made on a 
bench by attempting to optimiZe the image quality. 

Advantageously according to the invention, aberration 
variations induced by the angular adjustment of the com 
biner are compensated by moving a single element of the 
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relay optics, for example this displacement consisting of a 
rotation about its axis and/or a translation With respect to the 
adjacent optical element. The applicant has shoWn that this 
element can advantageously be composed of the ?rst optical 
element of the relay optics through Which the light ?ux 
output from the image source passes. Moving this element 
appears to be the most ef?cient Way of correcting aberra 
tions. In this case, this element is ?xed to the image source 
SRC, such that When it is moved to compensate for aber 
ration variations induced by the adjustment of the off-axis 
combiner, the image source is displaced in the same Way to 
not disturb the projection to in?nity of the symbology 
emitted by the said source. 
We Will noW describe examples of head-up displays 

according to the invention. 
FIG. 3 shoWs a diagram illustrating an example installa 

tion of head-up displays according to the invention in tWo 
items of aircraft type equipments. For each equipment, a 
display is adapted With a convergent combiner adjusted to a 
position denoted CMB(1) and to a position denoted CMB(2) 
respectively corresponding to tWo angles of inclination (x1 
and (x2, Where (x1 is less than (x2 de?ned by the angles 
betWeen the central observation axis PO‘ and the axes 010‘ 
and O20‘ normal to the combiner in positions CMB(1) and 
CMB(2) respectively. For example, position CMB(1) shoWn 
in short dashed lines in FIG. 3, may corresponds to an 
installation of the head-up display in a civil aircraft in Which 
the siZe constraint is applicable particularly to the top of the 
aircraft, due to metallic structures, Whereas for example 
position CMB(2) shoWn in chained dotted lines, corresponds 
to an installation of the head-up display in a Warplane in 
Which a large distance betWeen the relay optics and the 
pilot’s head is necessary to alloW room for a helmet to be 
Worn. 

In the example in FIG. 3, the elements of the relay optics 
of the displays may be grouped in tWo modules. A ?rst 
module denoted MODi, is formed from the ?rst optical 
element of the combination through Which the light ?ux 
from the image source SRC passes and is ?xed to the said 
source. Asecond module denoted MODf, is formed from the 
other elements of the relay optics, these elements being ?xed 
to each other. In this example, When a display is 
manufactured, the angle of inclination of the combiner is 
adjusted to bring the combiner into either position CMB(1) 
or position CMB(2). The module MODfremains ?xed in the 
optical combination forming the relay optics. In this 
example, only module MODi is displaced to compensate for 
aberration variations induced When the angle of inclination 
of the combiner is changed, moving from position MODl-(l) 
to position MODl-(2), for the display for Which the combiner 
is in position CMB(1) or CMB(2) respectively. For example, 
this displacement consists of rotating the optical element 
forming module MODi about its axis and a translation With 
respect to the directly adjacent optical element. 

FIGS. 4A and 4B illustrate a more precise example 
shoWing the line of rays betWeen tWo different head-up 
displays, obtained With the process according to the inven 
tion and applicable to an aircraft type characteriZed by an 
angular range varying from approximately 10° to 30°, that 
can be used for example to obtain head-up displays adapted 
to civil aircraft and Warplanes. In this example, the equiva 
lent mirror on combiner CMB is spherical. In the sight 
illustrated by the example in FIG. 4A, the angle of inclina 
tion of the combiner for Which the position is denoted 
CMB(1) is equal to about 18°. For example, this con?gu 
ration corresponds to a head-up display adapted to a civil 
aircraft. In the display illustrated in the example in FIG. 4B, 
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6 
the angle of inclination of the combiner for Which the 
position is denoted CMB(2) is equal to about 24°. For 
example, this con?guration may correspond to a head-up 
display adapted to a Warplane. In this case the optical relay 
REL is formed from a combination of ?ve optical elements 
for each display, denoted 41, 42, 43, 44, 45 respectively, 
grouped as in the previous example into tWo modules MOD, 
and MODf. In this example, only module MODi ?xed to the 
image source and composed of the ?rst optical element 41 
through Which the light ?ux output from the image source 
(not shoWn) passes is displaced betWeen the tWo displays to 
compensate for aberration variations. The other module 
MODf, composed of the other four optical elements 42, 43, 
44, 45, remains in the same position in the relay optics REL 
of each of the tWo displays. In this example, the aberration 
variations induced by the variation in the angle of inclination 
of the combiner are compensated by making a displacement 
on the mobile module MODi ?xed to the image source, for 
example the displacement consisting of a rotation about its 
axis, a translation and an eccentricity from the adjacent 
optical element 42. 

Thus, the invention proposes a head-up display adaptable 
to different installations requiring a variation in the angle of 
inclination of the off-axis convergent combiner Without 
having to develop a speci?c optical architecture for each 
particular installation. The example applications of modular 
head-up displays according to the invention are not limited 
to the examples in FIGS. 3, 4A and 4B. In particular, the 
invention can be used for applications in the automotive 
industry, or for head-up displays for Which the angle of 
inclination of the sight may vary depending on the model. 
What is claimed is: 
1. A head-up display, comprising: 
a combiner; and 
a relay optics formed from a combination of optical 

elements and forming an intermediate image of a 
symbology emitted in a given spectral band by an 
image source, said intermediate image being projected 
to in?nity by said combiner, 

the combiner forming an off-axis convergent mirror in the 
spectral band, an angle of inclination of the off-axis 
convergent mirror being adjustable for a given type of 
equipment as a function of a position of the image 
source and in a given angular range that depends on the 
type of equipment, 

the relay optics being modular and including a ?rst 
module With at least one optical element ?xed regard 
less of the type of equipment and a second module 
having a single optical element positioned closest to the 
image source, and 

the single optical element of the second module being 
movable With respect to at least one adjacent optical 
element of the ?rst module such that aberration varia 
tions induced by the angular adjustment of the com 
biner are compensated. 

2. The head-up display according to claim 1, Wherein 
betWeen tWo settings of the angle of inclination of the 
combiner, said single optical element of the second module 
can be set in tWo positions separated from each other by at 
least one of a rotation and a translation With respect to the 
at least one adjacent optical element. 

3. The head-up display according to claim 1, Wherein said 
relay optics includes stands for ?xing the single optical 
element of said second module in a position that depends on 
the angle of inclination of the combiner. 

4. The head-up display according to claim 3, Wherein a 
helmet sight forms the combiner, and the angle of inclination 
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of said combiner is Within an angular range between 
approximately 20° and 40°. 

5. The head-up display according to claim 1, Wherein said 
image source is placed above a pilot and the angle of 
inclination of the combiner is Within an angular range 
betWeen approximately 10° and 30° depending on the type 
of equipment. 

6. The head-up display according to claim 5, Wherein said 
relay optics includes a combination of 4 to 6 optical 
elements, and Wherein said single optical element is ?xed to 
said image source. 

7. The head-up display according to claim 1, Wherein a 
helmet sight forms the combiner, and the angle of inclination 
of said combiner is Within an angular range betWeen 
approximately 20° and 40°. 

8. Aprocess for making a set of head-up displays adapted 
to a given type of equipment, including a combiner and 
forming an off-axis convergent mirror, and a relay optics 
formed from a combination of optical elements and forming 
an intermediate image projected to in?nity by said combiner 
of a symbology emitted in a given spectral band by an image 
source, the process comprising: 

adjusting an angle of inclination of the combiner as a 
function of a position of the image source and Within an 
angular range that depends on the type of equipment; 
and 

compensating aberration variations induced by the angu 
lar adjustment of the combiner by displacing a single 
optical element of the relay optics positioned closest to 
the image source a prede?ned value as a function of the 
angle of inclination of the combiner, and ?xing in place 
at least one of the other optical elements of the relay 
optics, 
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the single optical element being movable With respect to 

an adjacent optical element of the other optical ele 
ments. 

9. The process according to claim 8, Wherein said dis 
placing said single optical element includes at least one of 
rotating and translating With respect to the adjacent optical 
element. 

10. The process according to claim 9, Wherein said 
adjusting the angle of inclination of the combiner is discrete, 
and Wherein said displacing the single optical element of the 
relay optics is achieved by stands that ?x said single optical 
element in a position that depends on an angular position of 
the combiner. 

11. The process according to claim 9, Wherein said 
adjusting the angle of inclination of the combiner is con 
tinuously made Within the angular range, and Wherein said 
displacing the single optical element of the relay optics is a 
function of an angular position of the combiner. 

12. The process according to claim 8, Wherein said 
adjusting the angle of inclination of the combiner is discrete, 
and Wherein said displacing the single optical element of the 
relay optics is achieved by stands that ?x said single optical 
element in a position that depends on an angular position of 
the combiner. 

13. The process according to claim 8, Wherein said 
adjusting the angle of inclination of the combiner is con 
tinuously made Within the angular range, and Wherein said 
displacing the single optical element of the relay optics is a 
function of an angular position of the combiner. 

* * * * * 


